The number of structural genes coding for a sample of electrophoretically detectable enzymes was determined for seven diploid species of Crepis which previously had been shown to vary in DNA/nucleus by seven-fold and to have chromosome numbers ranging from 2N = 6 to 2N 12. The number of structural genes coding these enzymes was approximately 19 in all of the species examined, suggesting that gene number is conserved.
INTRODUCTION
IN the genus Crepis (Compositae, Cichorieae), DNA/nucleus of diploid species may vary as much as nine-fold (Jones and Brown, 1976) . DNA amount is not correlated with chromosome number, which ranges from 2N = 6 to 2N 18, although it appears to be correlated with chromosome volume (Jones and Brown, 1976) . In general, total nuclear DNA amount varies by up to 65-fold among diploid species of higher plants (Sparrow et at., 1972; , including large differences among congeneric species (Rothfels et at., 1966; Chooi, 1971) . While this raises a number of issues concerning the origin, evolution, and physiological effect of differences in DNA content, an important initial problem is to determine the present function of the DNA sequences added to or deleted from the genome.
One approach to this question has been determination of the proportion of the genome composed of repetitive and unique sequences in species differing in nuclear DNA content . A second approach is to determine if differences in total amount of DNA are correlated with differences in number of structural genes. We present evidence that number of structural genes coding a random sample of enzymes detectable by electrophoresis does not change with DNA amount or chromosome number in seven diploid Crepis species. To our knowledge, this is the first comparison of gene number in closely related organisms which differ in these properties.
MATERIALS AND METHODS
Seeds were obtained from Dr R. N. Jones (Aberystwyth (Gottlieb, 1973b) . 6PGD was resolved on 6 per cent acrylamide gels at pH 95 (Gabriel, 1971) . Standard staining methods were used (Gottlieb, 1973c; Brewer, 1970) . At least two individuals per species were examined, except that only one C. grandf1ora was available.
AAT, aspartate aminotransferase; LAP, leucine aminopeptidase; PGI, phosphoglucoisomerase; GDH, glutamic dehydrogenase; ME, malic enzyme; PGM, phosphoglucomutase; 6PGD, 6-phosphogluconate dehydrogenase; SOD, superoxide dismutase; CAT, catalase; MDH, malate dehydrogenase (NAD).
RESULTS AND DIsCUsSION
We examined isozyme patterns of seven diploid species with chromosome numbers ranging from 2N = 6 to 2N = 12, and DNA/nucleus values ranging from 597 to 4025 pg (Jones and Brown, 1976) . The electrophoretic patterns of the enzymes assayed were closely similar to those of the same enzymes in the related Stephanomeria (Compositae, Cichorieae) for which the mode of inheritance has been determined (Gottlieb, 1973a, 1977 and unpub.) , making it possible to assign the number of coding genes in Crepis.
General criteria for evaluating electrophoretic phenotypes were presented in Gottlieb (1973b) .
The use of electrophoretic phenotypes to estimate the number of structural genes depends on the validity of several assumptions. Consider initially that increases in DNA amount result in duplication of structural genes. First, the duplicate gene must still code a similar enzyme which is active in the tissues examined and in our assay. This is primarily an assumption about the potential for divergence of the duplicate enzyme through time. Since we are dealing with a diverse group of enzymes, it is unlikely that all of the potential duplicate genes would now code enzymes with different catalytic properties, so that we expect to recognise at least some duplications if they had occurred. In addition, the species are in the same genus, indicating that their overall divergence has not been great and that they have a relatively recent common ancestor.
Second, the duplicate enzyme must have a different electrophoretic mobility than the ancestral one. Since the electrophoretic mobilities of more than half of the enzymes surveyed have diverged (table 1), we judge that if some of the coding genes had been duplicated, then at least some of their enzyme products would also have diverged in mobility and be recognised by our techniques.
Consider next that decreases in DNA amount, which actually is the general trend in Crepis from the ancestral perennial species to the more recent annual ones (Jones and Brown, 1976) , mean loss or deletion of structural genes. In this case, the electrophoretic phenotype for some enzyme systems in some species, particularly those with smaller amounts of total DNA, would be comprised of fewer enzyme bands. We will assume that a reduction in the number of electrophoretic bands in a particular enzyme system in a species, relative to the number found in most other species, results from loss of the coding structural gene, and not that the particular individuals we assayed were homozygous for a null allele. Nearly all of the individuals assayed in the seven species had closely similar electrophoretic phenotypes for each of the 10 enzyme systems. Thus, the number of enzyme bands was nearly identical, and the relative mobilities of the enzymes within each system were similar across species. Only a few cases did not fit this general pattern: (1) homozygous and heterozygous individuals of C. nwllis were observed for the genes coding AAT and 6PGD, and in C. capillaris, for those coding GDH and PGM (table 1) ; (2) all individuals sampled in C. zacintha had additional enzyme bands for AAT and LAP as did individuals of C. mollis for LAP (table I) . Since, with our small sample, we cannot tell if the additional bands reflect allelic heterozygosity or phenotypic (" fixed ") heterozygosity in which duplicated genes are each homozygous (Gottlieb, 1974) , we treat them as if they represent the products of duplicated genes. On the basis of the electrophoretic results, the seven Crepis species appear to have approximately 19 genes coding the sampled set of enzymes. Thus, their differences in total DNA and chromosome number are not correlated with differences in the number of genes specifying enzymes. If DNA that included structural gene sequences was gained, these sequences were rapidly silenced. If DNA was lost, it appears not to have included such sequences.
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Other studies also suggest that the number of structural genes remains 40/ l-L 162 NOTES AND COMMENTS relatively constant as DNA/nucleus varies. For example, analysis of DNA renaturation kinetics indicates that differences in repetitive DNA can account, in some cases, for variation in DNA content (Mikssche and Hotta, 1973; Wilson et al., 1976) . The extensive study indicates that species with larger genomes (>5 pg) have a larger proportion of repetitive sequences than species with smaller genomes (<4 pg). However, among the former species, variation in DNA content from 69 pg to 98 pg did not correlate with the proportion of repetitive sequences, so that a substantial amount of the quantitative DNA variation could not be assigned to differences in repetitive sequences by this technique. The "complexity" (total length of different sequences) of polysomal mRNA isolated from cultured Drosophila and Aedes cells was found to be the same, even though these species differ five-fold in DNA content (Lengyal and Penman, 1975) . Isozyme patterns of Amphiuma and human red blood cells had the same number of bands, in spite of the amphibian species having a 28-fold greater DNA amount (Comings and Berger, 1969) . The general exception to constancy of structural gene number at the diploid level, is that variation does occur in number of rRNA genes (Maher and Fox, 1973; Mohan and Flavell, 1974) . Only between diploid and polyploid species is there clear evidence for large changes in the number of genes coding for enzymes (Hart, 1973; Roose and Gottlieb, 1976) . Whether the physiological significance of different DNA amounts is dependent on some genetic function of the altered sequences or is due to effects of DNA/nucleus on cell size and mitotic cycle time (Bennett, 1972) remains to be demonstrated. At any rate, structural gene number appears to be conserved at the diploid level.
